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(54) Mechanism for controlling test set to assert off-hook condition on telephone lines 


(57) The possibility of corrupting digital data traffic 
carried by a data line (11 : 12) (powered or unpowered), 
by the connection of a telephone test set to the data line 
(11,12) is effectively prevented by augmenting the tele- 
phone test set with a mechanism that prevents the test 
set from asserting an OFF-HOOK condition on the line, 
unless it has been determined that each of two condi- 
tions are satisfied. These conditions are: 1 - that no dig- 
ital data traffic is being carried by the line (11, 12); and 
2- that the electrical voltage condition of the line (11,12) 
satisfies a prescribed minimum voltage level criterion. If 


either of these conditions is not satisfied, a switch circuit 
installed in the test set's connection path to the line is 
maintained in a default, open condition, so that it is ef- 
fectively impossible for the line to be presented with an 
OFF-HOOK condition through operation of the test set. 

This default condition remains in effect until both cri- 
terion are fulfilled. As a further safety precaution, should 
the line to which the test set is connected be determined 
to be carrying digital data traffic, the invention causes 
an audible alert tone to be generated as a warning signal 
to the craftsperson. 
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Description 

The present invention relates to a mechanism in- 
stallable in a craftsperson's test set for preventing a test 
set that has been connected to a telephone line from 
asserting an OFF-HOOK condition on the line, unless 
monitoring the electrical condition of the line indicates 
that no digital data traffic is being carried by the line and 
the electrical voltage condition of the line satisfies a pre- 
scribed minimum voltage level criterion. In the event the 
monitored line is carrying digital data traffic, the inven- 
tion also causes an audible alert tone to be generated. 

Because telephone lines are often used to carry a 
variety of diverse signal formats, care must be taken 
when connecting a line to equipment such as a tele- 
phone test set, in order to ensure that the connection is 
non-intrusive and does not degrade the quality of sig- 
nals being conveyed over the line. This requirement is 
particularly crucial in the case of connecting a device to 
a 'data' line, especially a powered data line, namely, a 
line that not only inay be transmitting digital data traffic, 
but also carries a DC voltage to be used for powering 
transmission devices along the line (for example repeat- 
er and customer premise equipment). If an external de- 
vice, such as a test sct : is connected to a powered data 
line in such a manner as to load the line (e.g. by placing 
a DC load impedance between either tip or ring and 
ground) : severe degradation andfor interruption of serv- 
ice will occur. 

Of course, simply connecting leads of a test set to 
the line, without effectively enabling circuitry functional- 
ity of the test set which would place a load on the line, 
is not necessarily intrusive. However, if a test set, once 
connected to the line by the craftsperson, is placed in a 
condition that would modify the electrical condition of 
the line, such as the test set going OFF-HOOK and 
thereby inserting a loading impedance across the line, 
any digital data traffic carried by the line is impacted, 
which creates not only an unacceptable disruption in in- 
formation transmission to customers, but an embarrass- 
ment and loss of revenue to the telephone service pro- 
vider. 

Previous attempts to deal with this problem have 
included the use of compact or 'pocket' data traffic de- 
tector devices, which are essentially frequency meters 
that monitor the line for the presence of high frequency 
signals. Such 'palm of the hand'-held devices are cus- 
tomarily c^tfecied between lip and ring, and monitor 
whether the line is caaying signals that lie in a relatively 
high frequency band (above the normal audio band for 
voice signals). The devices may contain one or more 
LED display elements that are illuminated in association 
with the band of detected signals. The purpose of such 
devices is to alert the craftsperson to the presence of 
data traffic, so that the craftsperson will not proceed to 
connect a normal test set to the line and then cause the 
test set to go OFF-HOOK, if data traffic has been indi- 
cated. 


To date, however, there is no mechanism, either in- 
tegrated within or retrofitable to a craftsperson's test set, 
which actively prevents the craftsperson from even ac- 
cidentally placing a line-connected test set in an OFF- 
5 HOOK condition, and thereby avoid the potential for se- 
vere degradation and/or interruption of data transmis- 
sion on the line. 

In accordance with the present invention, the pos- 
sibility of corrupting digital data traffic being carried by 
to a telephone line, particularly one carrying a DC voltage 
(namely, a powered line), by the connection of equip- 
ment, such as a telephone test set, to such a line, is 
effectively prevented, by augmenting the telephone test 
set equipment to include a mechanism that will prevent 
'5 the test set from asserting an OFF-HOOK condition on 
the line, unless it has been determined that each of two 
conditions are satisfied. These conditions are: 1 ) that no 
digital data traffic is being carried by the line; and 2) that 
the electrical voltage condition of the line satisfies a pre- 

20 scribed minimum voltage level criterion. If either of these 
conditions is not satisfied, a switch circuit installed in the 
test set's connection path to the line is maintained in a 
default, open condition, so that it is effectively impossi- 
ble for the line to be presented with an OFF-HOOK con- 

25 dition through operation of the test set. This default con- 
dition remains in effect until both criterion are fulfilled. 
As a further safety precaution, should the line to which 
the test set is connected be determined to be carrying 
digital data traffic, the invention causes an audible alert 

30 tone to be generated as a warning signal to the craft- 
sperson. 

To satisfy these two criteria, the present invention 
comprises a circuit arrangement that is retrofitable to or 
may be incorporated into a test set. The circuit arrange- 
rs ment includes first and second terminals, which are con- 
nectable to the tip and ring leads of the telephone line 
circuit. The first terminal is coupled to one side of a nor- 
mally open test set talk mode switch, which is closed by 
the craftsperson in order to place the test set in the OFF- 
40 HOOK talk mode. A second side of the talk mode switch 
is coupled to a first input of a full wave rectifier circuit, a 
second input of which is coupled to the second terminal. 

The full wave rectifier is coupled across the tip - ring 
path to ensure that circuit operation is independent of 
45 whether the craftsperson connects the input terminals 
to tip and ring or to ring and tip. 

The first and second terminals are further coupled 
to a data detector, which monitors the telephone line for 
digital data traffic activity. If digital data traffic is detect- 
50 ed, the data detector output is operative to cause a su- 
pervisory micro-controller to maintain a control gate in 
the disabled state and supply an output to a tone gen- 
erator, for providing a warning tone to the craftsperson 
that data is being transmitted over the monitored line - . 
55 The micro-controller is also coupled to the output of a 
DC voltage level detector. The DC voltage level detector 
is connected to the full wave rectifier and is operative to 
compare the rectified voltage with a prescribed DC volt- 
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age threshold. The purpose of looking for the presence 
of a prescribed DC voltage on the line is to ensure that 
.loop current will be drawn when placing an OFF-HOOK 
-terminating impedance on the line by the closure of the 
talk mode switch. Only if the detected voltage is at least 
as great as the threshold, does the DC voltage detector 
provide an output voltage level that will cause the micro- 
controller to enable the control gate. 

The output of the control gate is coupled to a nor- 
mally open, voltage-controlled switch, which is coupled 
in the tip/ring termination path. Only in response to the 
conditions that the monitored telephone line is carrying 
no data traffic and there is at least a prescribed minimum 
DC voltage across tip and ring, will the micro-controller 
c^use the control gate to generate an enabling signal to 
the normally open voltage controlled switch. When 
closed ;nis switch is operative to terminate the internal 
tip/ring path with respective DC and AC termination im- 
pedances II the switch is closed by the output of the 
control gale the craftsperson is provided with the ability 
to puce DC and AC termination impedances across the 
tip and ring input terminals by closing the talk mode 
swiich Otherwise, the present invention makes it effec- 
tively impossible tor the craftsperson to place an OFF- 
HOOK condition on the line (bridge the tip and ring lines 
wrth DC and AC termination impedances) by closing the 
talk mode switch. 

The DC voltage level detector is operative to pro- 
vide a prescribed output voltage level in response to de- 
tecting the presence of at least the prescribed minimum 
DC threshold voltage across tip and ring. This output 
voltage level is coupled to a monitored threshold voltage 
input of the supervisory micro-controller. If the moni- 
tored voltage between tip and ring is less than the pre- 
scribed DC threshold level, the micro-controller disables 
the control gate, so that the voltage controlled switch 
remains open. 

The data detector includes an analog circuit portion, 
which is operative to monitor the line for very low ampli- 
tude signal transitions which may qualify as digital data 
transitions. The output of the data detector is coupled 
as a further input to the supervisory micro-controller. If 
analysis of the signal transitions determines that data is 
present, the micro-controller disables the control gate, 
so as to prevent the voltage controlled switch Irom being 
closed. 

In operation^ the micro-controller is normally in a 
powered-down nrode in the absence of a wake-up stim- 
ulus (a low-to'-hlgh transition) applied to any of a plurality 
of stimulus inputs, which include the outputs of the data 
and DC voltage detectors. In response to any of these 
monitored inputs transitioning from a low-to-high state, 
the micro-controller is alerted to activity on the line, and 
maintains the disable stale of the control gate. It then 
proceeds through a routine which examines the stimu- 
lus inputs to determine whether the stimulus is a ringing 
signal, data, or a prescribed voltage level. For either 
ringing or data, an audible tone is generated and the 


control gate remains disabled, preventing the voltage 
controlled switch from being closed. If the stimulus is 
only from the voltage detector and indicates the pres- 
ence of a prescribed voltage between tip and ring, the 
s control gate becomes enabled, and thereby closes the 
voltage controlled switch, so as to allow the craftsperson 
to place the test set in an OFF-HOOK mode (place AC 
and DC termination impedances across tip and ring) by 
closing the talk mode switch. 
10 The present invention includes a method of pre- 
venting a telephone instrument, that is connectable to a 
telephone line and has the capability of coupling an elec- 
trical element in circuit with the telephone line, from cou- 
pling the electrical element in circuit with the telephone 
'5 line, the electrical element, if placed in circuit with the 
telephone line during the transmission of digital data sig- 
nals thereover, causing the digital data signals to be de- 
graded, the method comprising the steps of: (a) moni- 
toring the telephone line for the presence of digital data 
20 signals and for the presence of a prescribed voltage 
thereon; and (b) in response to step (a) detecting either 
the presence of digital data signals or the absence of 
the prescribed voltage on the telephone line, disabling 
the capability of the telephone instrument to couple said 
25 electrical element in circuit with said telephone line. 

The present invention also includes a circuit ar- 
rangement for performing the above method, circuit ar- 
rangement comprising, a data detector which monitors 
the telephone line for the presence of digital data signals 
30 thereon, a DC voltage detector which monitors the tel- 
ephone line for the presence of a prescribed voltage 
thereon: and a control unit, which is coupled to the data 
detector and the DC voltage detector, and, in response 
to either the data detector detecting the presence of dig- 
35 ital data signals on the telephone line, or the DC voltage 
detector failing to detect the presence of the prescribed 
voltage on the telephone line, is operative to disable the 
capability of the telephone instrument to couple the elec- 
trical element in circuit with the telephone line. 
40 The present invention will now be described by way 
of example with reference to the accompanying draw- 
ings in which 

Figure 1 diagrammalically illustrates the controlled 
test set connection arrangement according to the 
^5 present invention; Figure 2 schematically illustrates the 
DC voltage level detector 70 of Figure 1 ; Figure 3 sche- 
matically shows an analog circuit portion of the data de- 
tector 40 ol Figure 1; Figure 4 shows the manner in 
which a supervisory micro-controller is connected to re- 
50 spond to the outputs from the DC voltage level detector 
of Figure 2 and the data detector of Figure 3; and Figure 
5 is a flow diagram showing the sequence of operations 
carried out by the supervisory micro-controller 100 of 
Figure 4 in response to receiving a wake-up stimulus on 
55 any of its three stimulus inputs 401, 402 and 403. 

The present invention resides primarily in what is 
effectively a prescribed combination of conventional sig- 
nal processing circuits and a supervisory micro-control- 
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ler, installable within a conventional test set. Once in- 
stalled in the manner to be described, the present in- 
vention will still permit a craftsperson to use the test set 
to perform its normal functionality, but will additionally 
provide an interface that prevents the application of an 
OFF-HOOK condition that might otherwise cause cor- 
ruption or loss of data on the accessed line. 

Figure "I shows the controlled test set connection 
arrangement diagrammaticalfy illustrated as surround- 
ed by broken lines 10 and comprising a first input termi- 
nal 11 and a second input terminal 12, which are con- 
nectable to the tip/ring and ring/tip leads of a telephone 
line circuit of interest. The first input terminal 11 is cou- 
pled via line 13 through a normally open test set talk 
mode switch 20 to a first input 31 of a full wave rectifier 
circuit 30, a second input 32 of which is coupled via line 
14 to the second input terminal 12. As pointed out 
above, the full wave rectifier 30 is coupled across the tip 
- ring path to ensure that circuit operation is independent 
of whether the craftsperson connects the input terminals 

1 1 and 1 2 to tip and ring or to ring and tip. The first input 
terminal 1 1 is further coupfed over line 1 3 to a first input 
41 of a data detector 40, to be described below with rei- 
erence to Figures 3 and 4. The second input terminal 

12 is coupled over line 14 to a second input 42 of data 
detector 40. 

Data detector 40 monitors the telephone line for dig- 
ital data traffic activity; if digital data traffic is detected, 
data detector 40 provides an output signal (prescribed 
logic level) at an output terminal 43 to a first input 46 of. 
a supervisory micro-controller 1 00 (shown in detail in 
Figure 4 ; to be described), respective outputs 51 and 52 
of which are coupled to a control gate circuit 50 and to 
a tone generator circuit 60. The output of tone generator 
circuit 60 is coupled through an amplifier 62 to a speaker 
unit 65, so that an audible precautionary warning tone 
is produced in the event that data is being transmitted 
over the monitored line. 

Micro-controller 100 has a second input 47 which is 
coupled to the output 73 of a DC voltage level detector 
70, shown in detail in Figure 2, to be described. A third 
input 48 of micro-controller 100 is coupled via line 58 
from the output 59 of a ring detector 55, which is coupled 
via inputs 56 and 57 to the tip and ring terminals 11 and 
1 2. Whenever a ringing signal (e.g. a 20 Hz tone) is de- 
tected by ring detector 55, an output is applied via line 
58 to the microcontroller 100, which responds by gen- 
erating a pVgscfubed ringing lone audio signal, as will be 
described. 

The DC voltage level delector 70 has a first input 
71 connected to a first output 33 of full wave rectifier 30, 
and a second input 72 referenced to ground potential 
(GND), to which a second output 34 of rectifier 30 is con- 
nected, as shown. DC voltage level detector 70 is oper- 
ative to compare the rectified voltage provided by recti- 
fier 30 with a prescribed DC voltage threshold (e.g. +5 
VDC). If the detected voltage is at least as great as the 
threshold, the outpul 73 of DC voltage detector 70 has 


a first logical output. On the other hand, if the detected 
voltage is not at least as great as the threshold, the out- 
put 73 of DC voltage detector 70 has a second logical 
output. As described previously, the presence of a pre- 
5 scribed DC voltage on the line is necessary to ensure 
that loop current will be drawn when placing an OFF- 
HOOK terminating impedance on the line by the closure 
of the talk mode switch. In order for the DC voltage de- 
tector 70 to provide a prescribed voltage level input to 
io micro-controller 100, it is' necessary that the detected 
DC voltage be at least as great as the threshold. 

Only it both inputs 46 and 47 to micro-controller 1 00 
are at the same logical level (e.g. a logical '1 '), indicating 
that the monitored telephone line is carrying no data traf- 
J5 fic and that there is at least a prescribed minimum DC 
voltage across tip and ring, will micro-controller 100 gen- 
erate an enabling signal to control gate 50, so that it may 
supply a switch closure signal over an output line 54 to 
a normally open voltage controlled switch 80. Switch 80 

20 is coupled into the telephone circuit through the tip and 
ring path and respective DC and AC termination imped- 
ances, shown in simplified form as 90 and 92, which are 
coupled between switch 80 and ground, as shown. 
Once switch 80 is closed, the craftsperson has the 

25 ability to terminate the tip/ring path with DC and AC ter- 
mination impedances, by closing the talk mode switch 
20. Since switch 80 is closed by control gate 50 only in 
response to the twofold condition that the line be carry- 
ing no digital data traffic and that there is at least a meas- 

30 urable minimum DC voltage across tip and ring, it is ef- 
fectively impossible for the craftsperson to place an 
OFF-HOOK condition on the line (bridge the tip and ring 
lines with DC and AC termination impedances) by clos- 
ing the talk mode switch 20. 

3S Figure 2 shows the DC voltage level detector 70 of 
Figure 1 is schematically illustrated as comprising a volt- 
age divider/rectifier circuit comprised of a voltage divider 
resistor network 75 connected between full wave recti- 
fier output terminal 33 and ground. Respective diodes 

to 76 and 77 are coupled between ground and a reference 
DC supply rail (VDD), with the node 78 between the di- 
odes being connected to the resistor divider network 75 
and to outpul terminal 73, from which a tip-to-ring DC 
voltage level output TR_VOLTS is derived. The combi- 

45 nation of the voltage divider network 75 and diode con- 
nections 76 and 77 is operative to produce a prescribed 
high voltage level (e.g. on the order of +3 VDC) in the 
presence of a prescribed DC voltage (e.g. al leasl 
5VDC) across tip and ring. This voltage level on output 

so terminal 73 (TR_VOLTS) is applied to a monitored 
threshold voltage input of micro-controller 100. Thus, in 
the present example, as long as at least 5VDC is applied 
across tip and ring, output terminal 73 provides the pre- 
scribed high voltage level to the monitored threshold 

55 voltage input of micro-controller 100. However, if the 
monitored voltage between tip and ring is less than the 
prescribed DC level, Ihe voltage level at terminal 73 
goes low (ground or zero volts), which is read by micro- 
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controller 100 as an unpowered line and not capable of 
sourcing loop current for an OFF-HOOK test set- 
Figure 3 schematically shows an analog circuit por- 
tion of the data detector 40, which is operative to detect 
those signal transitions on the monitored line which may 5 
qualify as digital data transitions. As a non-limiting ex- 
ample, data detector 40 may be operative to detect puls- 
es having amplitudes as low as on the order of 100 mV. 
The occurrence of such pulses is indicated by a pre- 
scribed high voltage level on output DATA terminal 43, 10 
as will be described. As shown in Figure 3, the analog 
circuit portion of the data detector comprises an isolation 
transformer 301 having a primary winding 310 coupled 
through a capacitor 312 and resistor 314 to the tip-and 
ring-connected input terminals 41 and 42 of the data de- *s 
lector. Capacitor 312 is operative to block DC current 
and to limit the frequency of signals eligible for consid- 
eration as possible data transitions to those well within 
the normal bandwidth customarily used for digital data 
traffic. Resistor 31 4 ensures that a minimum impedance 20 
is applied across tip and ring. Transformer 301 has a 
secondary winding 320 coupled to ground and through 
a DC blocking capacitor 322 to cascaded first and sec- 
ond complementary polarity transistor amplifier stages 
330 and 340. 25 

Transistor amplifiercircuit 330 comprises a first high 
gain NPN bipolar transistor 331 having its collector and 
base diode-connected through a bias resistor 333 to the 
VDD voltage rail and its emitter coupled to ground. A 
bypass capacitor 335 is coupled between the common 30 
node 337 of the collector and base of transistor 331 and 
ground, while a coupling resistor 336 is connected be- 
tween node 337 and the base of a second NPN transis- 
tor 332. Diode-connected transistor 331 is operative to 
draw a very low current through resistor 333, so as to 35 
establish the base voltage of transistor 332 at a value 
very close to turn-on, and thereby provide a sensitivity 
to very tow amplitude transitions across tip and ring. A 
diode 334 is connected between the base of transistor 
332 and ground while a further bias resistor 338 is cou- *o 
pled between the VDD rail and the collector ot transistor 
332. The emitter of transistor 332 is coupled to ground, 
while its collector is coupled through series connected 
capacitor 351 and resistor 352 to the base of PNP tran- 
sistor 342 of amplifier circuit 340. 45 

Complementary transistor amplifier circuit 340 is 
configured substantially identically to amplifier circuit 
330, but ernptoys complementary polarity lype compo- 
nents, and bias' connections to provide additional gain 
and a stage of inversion to amplifier circuit 330. As so 
shown, amplifier circuit 340 comprises a first PNP bipo- 
lar transistor 341 having its collector and base diode- 
connected through a bias resistor 343 to ground and its 
emitter coupled to the VDD voltage rail. A bypass ca- 
pacitor 345 is coupled between the common node 347 55 
of the collector and base of transistor 341 and the VDD 
rail, while a coupling resistor 346 is connected between 
node 347 and the base of a second NPN transistor 342. 


8 

A diode 344 is connected between the base of transistor 
342 and the VDD rail, while a further bias resistor 348 
is coupled between ground and the collector of transis- 
tor 342. The emitter of transistor 342 is coupled to the 
VDD rail, while its collector is coupled through a resistor 
361 to a DATA output terminal 43. 

Figure 4 shows the manner in which supervisory mi- 
cro-controller 100 is connected to respond to the output 
DATA on terminal 43 from data detector 40, and the out- 
put TR_VOLTS on terminal 73 of DC voltage detector 
70, for controlling the generation of a control signal for 
controllably enabling (closing) voltage-controlled switch 
80. Micro-controller 100 comprises a standard, com- 
mercially available lower power micro-controller chip, 
and is battery powered, so as to be normally in a pow- 
ered-down mode in the absence of a wake-up stimulus 
applied to one of its three stimulus inputs 401 , 402 and 
403. 

Of these inputs, the first input 401 is coupled to re- 
ceive the TR_VOLTS signal on terminal 73 from the DC 
voltage detector 70, described above with reference to 
Figure 2. As will be described, as long as the voltage 
level TR_VOLTS on input 401 is low (which indicates 
that the voltage across tip and ring is less a prescribed 
minimum value lor drawing sufficient loop current, as 
described previously), micro-controller 100 is operative 
to maintain an OFFHK_EN output terminal 409 in a de- 
fault logical low, high impedance state, which prevents 
the test set from terminating the tip and ring path with 
respective AC and DC termination impedances 90 and 
100. 

The second micro-controller input 402 is coupled to 
receive a ringing signal. As described above, with refer- 
ence to Figure 1, whenever a ringing signal (e.g. a 20 
Hz tone) is detected by ring detector 55, a signal is ap- 
plied to input the input 48 of micro-controller 1 00. In Fig- 
ure 4, this signal is coupled to input 402, to which the 
micro-controller responds by generating a prescribed 
ringing tone audio signal at a BUZZ output terminal 408, 
which effectively corresponds to the tone generator 60 
of Figure 1 . This tone signal is coupled through speaker 
amplifier 62 to associated speaker 65, so that an audible 
tone will be produced to alert the craftsperson of an in- 
coming call on the monitored line. (As will be described, 
the BUZZ output terminal 408 is also employed to pro- 
vide a prescribed data alert warning tone, in response 
to the micro-controller 100 detecting data signals on in- 
put 402.) 

The third input 403 is coupled to receive the DATA 
signal on terminal 43 from the analog circuitry portion of 
the data detector 40, shown in Figure 3, described 
above. Input 403 is coupled to a real time counter clock 
.(RTCC) input of the micro-controller, which is coupled 
to an internal soft-counter. This soft-counter is program- 
mable to count transitions in the RTCC input (here the 
DATA signal from the output terminal 43 of the data de- 
tector's analog circuitry). In response to counting a pre- 
scribed number of transitions within a given count inter- 
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val (as a non-limiting example, 500 transitions within 
1/1 6th of second, indicative of a data clock rate of at 
.least 8000 transitions per second), the soft-counter with- 
in the micro-controller 100 provides an output indicating 
that digital data signals are being transmitted over the 5 
monitored line. This determination will also cause the 
logic state of OFFHK_EN output 409 terminal to be 
maintained in its default low logic level, high impedance 
state. 

The signals supplied to each of inputs 401 , 402 and 10 
403 are further coupled to an OR gate 420, the output 
of which is coupled to a master clear terminal 404 of 
micro-controller 1 00. Master clear input 404 is normally 
low so that, when not active, micro-controller 1 00 draws 
only minimum current, and does not substantially re- '5 
ducc battery die. When any of its inputs 401, 402 and 
403 goes high, however, the master clear input 404 at 
the cutcul of OR gate 420 goes high, which pulls the 
moo-controller's master clear input 404 high and 
wrtkes up ihe micfo-conlroller. (A latch resistor 422 is 20 
coup od between the output of the OR gate 420 and a 
hi^h impedance force reset terminal 407 from the micro- 
controller, to provide sufficient time for the micro-con- 
troller 100 to wake up in response to even a very short 
pulse that created the high condition at the output of the 25 
OR gate 420.) 

Micro-controller 1 00 has an OFFHK_EN output ter- 
minal 409, which is normally in a logical low, high im- 
pedance state. OFFHK_EN output terminal 409 is cou- 
pled 10 input 431 of an AND gate 430. A low impedance 30 
resistor 433 is coupled between input 431 and ground, 
so that the high impedance (logical low default) state of 
OFFHK EN output terminal 409 is operative to maintain 
the application of a low voltage level to input 431 of AND 
gate 430. The output of AND gate 430 effectively corre- 35 
sponds to the output of control gate 50 in Figure 1 and 
is coupled over line 54 to the voltage controlled switch 
60. Thus ! in this default state, voltage controlled switch 
80 is held open, preventing the closure of talk mode 
switch 20 from placing a termination impedance across *o 
tip and ring. 

Micro-controller 100 also has an ALERTJEN output 
terminal 410, which is normally in a logical low, high im- 
pedance state and is coupled to a first input 441 ot an 
OR gate 440. A second input 442 of OR gate 440 is cou- 
pled to receive a speaker amplifier enable signal, for en- 
abling speaker-amplifier 62 that drives output speaker 
65. A highftpjipedance resistor 443 is coupled between 
input 441 and gfound-(GND), so that the normal logical 
low output terminal 41 0 is operative to maintain the ap- so 
plication of a logical low voltage level to input 441 of OR 
gate 440. The output of OR gate 440 is coupled to 
speaker amplifier 62 which drives speaker 65. When an 
alert tone (or ringing tone) is to be generated, the micro- 
controller 100 asserts a high on its ALERT_EN output 55 
terminal 410, so that an amplifier speaker enable input 
to OR gate 440 will allow the output speaker amplifier 
62 to be powered up. The tone signal on BUZZ output 
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408 is coupled through speaker amplifier 62 as the au- 
dible tone of speaker 65. 

Figure 5 is a flow diagram showing the sequence of 
operations carried out by the supervisory micro-control- 
ler 100, in response to receiving a wake-up stimulus on 
any of its three stimulus inputs 401, 402 and 403. As 
pointed out above, micro-controller 100 is a low power 
chip, and is normally in a powered-down mode in the 
absence of a wake-up stimulus (a low-to-high transition) 
is applied to one of its three stimulus inputs 401, 402 
and 403. As also previously described, with each of in- 
puts 401, 402 and 403 normally being low and being 
coupled through OR gate 420 to master clear terminal 
404, the master clear input 404 is normally low, so that 
micro-controller 100 is normally in a 'snooze' mode, 
drawing only minimum current to maintain battery life. 

In response to any of the inputs 401 , 402 and 403 
transitioning from a low-to-high state, the master clear 
input 404 at the output of OR gate 420 goes high, which 
transitions the micro-controller 100 out of its reset con- 
dition (process entry 501 in Figure 5) pulls the master 
clear input high and wakes up the micro-controller. At 
step 503. the micro-controller disables (asserts a low 
on) OFFHK_EN output terminal 409 : which disables 
AND gate 430 and thus prevents switch 80 from closing. 
In addition, the a high impedance force reset terminal 
407 from the micro-controller is asserted, to provide suf- 
ficient lime for the micro-controller 100 to wake up in" 
response to even a very short pulse that created the high 
condition at the output of the OR gate 420. 

At query step 505, a determination is made as to 
whether the stimulus originated at ringing signal input 
terminal 402. If the answer to step 505 is YES, the se- 
quence transitions to step 507, which ALERT_EN out- 
put terminal 41 0 to go high, whereby a high logic level 
is applied to OR gate 440 : so that the speaker amplifier 
62 will be enabled and thus drive output speaker 65; 
OFF-HOOK is also enabled. A ringing tone at output ter- 
minal 408 is then applied through the output speaker 
amplifier to the speaker as an audible tone, alerting the 
craftsperson of an incoming call on the monitored line. 
The routine then loops to step 505. 

If the answer to query step 505 is NO, the routine 
transitions to step 509, which causes the internal soft- 
counter to begin counting transitions in the DATA signal 
on input 403 from the data detector analog circuitry of 
Figure 3. At the same time the processor continues to 
monitor Ihe ringing terminal 402 lor a ringing signal. If 
ringing is detected in a query step 511, the routine again 
transitions to step 507, described above. II the answer 
to query step 511 is NO, the routine transitions to step 
513, to determine whether the signal excursions moni- 
tored on line 403 correspond to data traffic. Namely, the 
output of the soft-counter is examined to determine 
whether data is being carried by the monitored line. 

The soft-counter counts transitions in the RTCC in- 
put, namely the DATA signal from the output terminal 43 
of the data detector's analog circuitry of Figure 3 and, in 
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response to counting a prescribed number of transitions 
within a given count interval (e.g. 500 transitions within 
1/1 6th of second, corresponding to a data clock rate of 
at least 8000 transitions per second), the soft-counter 
within the micro-controller 100 provides an output indi- s 
eating that digital data signals are being transmitted over 
the monitored line. Thus, if the counter output indicates 
the presence of data on the line, the answer to query 
step 51 3 is YES, and the routine transitions to step 5 1 5, 
which causes the OFFHK_EN output 409 to remain in to 
its default low logic level, high impedance state. In ad- 
dition, the ALERT_EN output terminal 410 is asserted 
high, so that a high logic level is applied to OR gate 440, 
to enable the speaker amplifier 62 that drives output 
speaker 65. An alert tone at output terminal 408 is then is 
applied through the output speaker amplifier 62 to the 
speaker 65 as an audible tone, alerting the craftsperson 
of the presence of data traffic on the line. The routine 
then loops to step 505. 

If the answer to query step 517 is NO, the routine 20 
transitions to query step 517, which examines the 
TR_VOLTS signal on input terminal 401 from the DC 
voltage detector 70, described above with reference to 
Figure 2. If the voltage level TR_VOLTSon input 401 is 
low (which indicates that the voltage across tip and ring 25 
is less a prescribed value sufficient for loop current gen- 
eration and detection), the routine transitions to step 
519, which maintains the OFFHK_EN output terminal 
409 in a default logical low, high impedance state, there- 
by preventing the test set from asserting AC and DC ter- 30 
mination impedances across tip and ring. The routine 
then loops to step 505. 

However, if the voltage level TR_VOLTS on input 
401 is high (which indicates that the voltage across tip 
and ring is at least equal to the prescribed threshold val- 35 
ue sufficient for loop current generation and detection), 
the routine transitions to step 521, which changes the 
output at OFFHKJzN output terminal 409 from its de- 
fault logical low, high impedance state, to a high logic 
level, thereby enabling AND gate 430. As noted above, <o 
the output of AND gate 430 effectively corresponds to 
the output of control gate 50 in Figure 1 and is coupled 
over line 54 to the voltage controlled switch 80. Thus, if 
the result of query step 517 is YES. the output of AND 
gate 430 closes voltage controlled switch 80, and there- 45 
by allows the craftsperson to place the test set in an 
OFF-HOOK mode (place AC and DC termination imped- 
ances across;-4ip;and ring) by closing talk mode switch 
20. The routine tlien loops to step 505. 

From the routine oi Figure 5, it will be appreciated 50 
that it is effectively impossible for the craftsperson to 
place an OFF-HOOK condition on the line (bridge the 
tip and ring lines with DC and AC termination impedanc- 
es) by closing the talk mode (OFF-HOOK) switch. The 
signal stimulus processing flow sequence ensures that ss 
only in response to the conditions that the monitored tel- 
ephone line is carrying no data traffic and there is at least 
a prescribed minimum DC voltage across tip and ring, 
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will the AND gate 430 generate an enabling signal to the 
normally open voltage controlled switch 80. It is not until 
switch 80 is closed by the output of AND gate 430. that 
the craftsperson is provided with the ability to place DC 
and AC termination impedances across the tip and ring 
input terminals by closing the talk mode switch. 

As will be appreciated from the foregoing descrip- 
tion, the possibility of corrupting digital data traffic being 
carried by a telephone line, particularly a powered data 
line, by the connection of equipment, such as a tele- 
phone test set, to such a line, is effectively prevented in 
accordance with the present invention, which augments 
the telephone test set equipment with a mechanism that 
will prevent the test set from asserting an OFF-HOOK 
condition on the line, unless it has been determined that 
each ol two conditions are satisfied. These conditions 
are: 1 ) - that no digital data traffic is being carried by the 
line; and 2- that the electrical voltage condition of the 
line satisfies a prescribed minimum voltage level crite- 
rion. If either of these conditions is not satisfied, a switch 
circuit installed in the test set's connection path to the 
line is maintained in a default, open condition, scthat it 
is effectively impossible for the line to be presented with 
an OFF-HOOK condition through operation of the test 
set. This default condition remains in effect until both 
criterion are fulfilled. As a further safety precaution, 
should the line to which the test set is connected be de- 
termined to be carrying digital data traffic, the invention 
causes an audible alert tone to be generated as a warn- 
ing signal to the craftsperson. 

The possibility of corrupting digital data traffic car- 
ried by a data line (powered or unpowered), by the con- 
nection of a telephone test set to the data line is effec- 
tively prevented by augmenting the telephone test set 
with a mechanism that prevents the test set from assert- 
ing an OFF-HOOK condition on the line, unless it has 
been determined that each of two conditions are satis- 
fied. These conditions are: 

1- that no digital data traffic is being carried by the line; 
and 2- that the electrical voltage condition of the line sat- 
isfies a prescribed minimum voltage level criterion. If ei- 
ther of these conditions is not satisfied, a switch circuit 
installed in the test set's connection path to the line is 
maintained in a default, open condition, so that it is ef- 
fectively impossible for the line to be presented with an 
OFF-HOOK condition through operation of the test set. 
This default condition remains in effect until both crite- 
rion are fulfilled. As a lurlher salety precaution, should 
the line to which the test set is connected be determined 
to be carrying digital data traffic, the invention causes 
an audible alert tone to be generated as a warning signal 
to the craftsperson. 


Claims 

1 . A method of preventing a telephone instrument, that 
is connectable to a telephone line and has the ca- 
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pability of coupling an electrical element in circuit 
with said telephone line, from coupling said electri- 
cal element in circuit with said telephone line, said 
electrical element, if placed in circuit with said tele- 
phone line during the transmission of digital data 5 
signals thereover, causing said digital data signals 
to be degraded, said method comprising the steps 
of: 

(a) monitoring said telephone line for the pres- io 
ence of digital data signals and for the presence 

of a prescribed voltage thereon; and 

(b) in response to step (a) detecting either the 
presence of digital data signals or the absence 

of said prescribed voltage on said telephone '5 
line, disabling the capability of said telephone 
instrument to couple said electrical element in 
circuit with said telephone line. 

A method as claimed in claim 1 , wherein said tele- 20 
phone instrument includes a switch circuit installed 
in a connection path between said telephone line 6. 
and said electrical element, and wherein step (b) 
comprises preventing said switch circuit from being 
placed in a closed condition in response to step (a) 2s 
detecting either the presence of digital data signals 
or the absence of said prescribed voltage on said 
telephone line, and thereby disabling the capability 
of said telephone instrument to couple said electri- 
cal element in circuit with said telephone line. 30 

A method as claimed in claim 2, wherein said elec- 
trical element comprises a telephone line termina- 
tion impedance that is controllably coupled in circuit 
with said telephone line in the course of said tele- 35 
phone instrument going OFF-HOOK, said switch 
circuit being installed in a connection path between 
said telephone line and said line termination imped- 
ance, and wherein step (b) comprises preventing 
said switch circuit from being placed in a closed <o 7. 
condition and thereby terminate said telephone line 
with said telephone line termination impedance in 
response to step (a) detecting either the presence 
of digital data signals or the absence of said pre- 
scribed voltage on said telephone line. 45 

A method as claimed in any one of claims 1 to 3, 
wherem^afd telephone instrument comprises a tel- 
ephone line test set, and wherein step (b) compris- 
es preventing said test set from coupling said elec- so 
trical elemeni in circuit with said telephone line and 
thereby asserting an OFF-HOOK condition on said 
telephone, line, unless step (b) indicates both the 
absence of digital data signals and also the pres- 
ence of said prescribed voltage on said telephone 55 
line. 8. 

A method of controllably enabling a telephone in- 


strument that is connectable to a telephone line and 
has the capability of coupling an electrical element 
in circuit with said telephone line, to couple said 
electrical element in circuit with said telephone line, 
said method comprising the steps of: 

(a) providing a default mode of operation of said 
telephone instrument in which said electrical el- 
ement is prevented from being placed in circuit 
with said telephone line; 

(b) monitoring said telephone line for the pres- 
ence of digital data signals and for the presence 
of a prescribed voltage thereon; and 

(c) only in response to step (b) detecting both 
the absence of digital data signals and the pres- 
ence of said prescribed voltage on said line, 
transitioning from said default mode ol opera- 
tion of said telephone instrument by enabling 
said telephone instrument to couple said elec- 
trical elemeni in circuit with said telephone line. 

A method as claimed in claim 5, wherein said tele- 
phone instrument includes a switch circuit installed 
in a connection path between said telephone line 
and said electrical element, and wherein step (a) 
comprises normally preventing said switch circuit 
from being placed in a closed condition, so as to 
disable the capability of said telephone instrument 
to couple said electrical element in circuit with said 
telephone line, and wherein step (c) comprises, in 
response to step (b) detecting both the absence of 
digital data signals and the presence of said pre- 
scribed voltage on said telephone line, transitioning 
from said default mode of operation of said tele- 
phone instrument by placing said switch circuit in a 
closed condition and thereby enabling said tele- 
phone instrument to couple said electrical element 
in circuit with said telephone line. 

A method as claimed in either claims 5 and 6, 
wherein said electrical element comprises a tele- 
phone line termination impedance that is to be con- 
trollably coupled in circuit with said telephone line 
in the course of said telephone instrument going 
OFF-HOOK : said switch circuit being installed in a 
connection path between said telephone line and 
said line termination impedance, and wherein step 
(c) comprises placing said switch circuit in a closed 
condition and thereby enabling said telephone line 
to be coupled therethrough to said telephone line 
termination impedance, in response to step (b) de- 
tecting both the absence ol digital data signals and 
the presence of said prescribed voltage on said tel- 
ephone line. 

A method as claimed in any one of claims 1 through 
5, wherein response to delecting the presence of 
digital data signals on said telephone line, generat- 


8 



15 EP0 734 

ing a data-present alert signal. 

9. A method as in claim 5 wherein said telephone in- 
strument comprises a telephone line test set, and 
wherein step (c) comprises enabling said test set to $ 
couple said electrical element in circuit with said tel- 
ephone line and thereby assert an OFF-HOOK con- 
dition on said telephone line, in response to step (b) 
indicating both the absence of digital data signals 
and also the presence of said prescribed voltage on io 
said telephone line. 

1 0. A circuit arrangement for preventing a telephone in- 
strument, connectabte to a telephone line, which 
has the capability of coupling an electrical element '5 
in circuit with said telephone line, from coupling said 
electrical element in circuit with said telephone line, 
said electrical element, if placed in circuit with said 
telephone line during the transmission of digital da- 
ta signals thereover, causing said digital data sig- 20 
nals to be degraded, said circuit arrangement com- 
prising: 

a data detector which monitors said telephone 
line for the presence of digital data signals ther- 2$ 
eon; 

a DC voltage detector which monitors said tel- 
ephone line for the presence of a prescribed 
voltage thereon; and a control unit, which is 
coupled to said data detector and said DC volt- 30 
age detector, and, in response to either said da- 
ta detector detecting the presence of digital da- 
ta signals on said telephone line, or said DC 
voltage detector failing to detect the presence 
of said prescribed voltage on said telephone 35 
line, is operative to disable the capability of said 
telephone instrum ent to couple said electrical 
element in circuit with said telephone line. 

11. A circuit arrangement as claimed in claim 10, *o 
wherein said telephone instrument includes a 
switch circuit installed in a connection path between 
said telephone line and said electrical element, and 
wherein said control unit is coupled to said switch 
circuit and is operative to prevent said switch circuit 
from being placed in a closed condition, in response 

to either said data detector detecting the presence 
of digitaj dala signals on said telephone line, or said 
DC volfege'detector failing to detect the presence 
of said prescribed voltage, thereby disabling the ca- so 
pability of said telephone instrument to couple said 
electrical element in circuit with said telephone line. 

12. A circuit arrangement as claimed in any one of 
claims 10 and 11, wherein said electrical element 55 
comprises a telephone line termination impedance 
that is controllably coupled in circuit with said tele- 
phone line in the course of said telephone instru- 
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ment going OFF-HOOK, said switch circuit being in- 
stalled in a connection path between said telephone 
line and said line termination impedance, and 
wherein said control unit is operative to prevent or 
place said switch circuit from being placed or plac- 
ing respectively in a closed condition and thereby 
terminate or enable said telephone line with said tel- 
ephone line termination impedance or enable said 
telephone line to be coupled to said telephone line 
termination impedance in response to said data de- 
tector detecting or failing to detect the presence of 
digital data signals on said telephone line, or said 
DC voltage detector detecting or failing to detect 
said prescribed voltage on said telephone line. 

13. A circuit arrangement as claimed in any one of. 
claims 10,11 and 1 2, including a data-present alen 
signal generator which is generates a data-present 
alert signal in response to said data detector detect- 
ing the presence of digital dala signals on said tel- 
ephone line. 

14. A circuit arrangement as claimed in any one of 
claims 11,12 and 1 3 wherein said telephone instru- 
ment comprises a telephone line test set, and 
wherein said control unit is operative to prevent or 
enable said test set from coupling or to couple said 
electrical element in circuit with said telephone line 
and thereby asserting an OFF-HOOK condition on 
said telephone line, unless said data detector de- 
tects the absence or presence of digital data signals 
on said telephone line, and said DC voltage detec- 
tor fails to detect the presence of said prescribed 
voltage on said telephone line. 

15. A circuit arrangement as claimed in any one of 
claims 1 1 : 12, 13, and 1 4, further including first and 
second terminals, connectable to tip/ring and ring/ 
tip leads of said telephone line, said first terminal 
being coupled to a normally open talk mode switch, 
which is closable by a user of said telephone instru- 
ment to place said telephone instrument in an OFF- 
HOOK talk mode, said talk mode switch being cou- 
pled to a first input ol a lull wave rectifier circuit, a 
second input of which is coupled to said second ter- 
minal, said first and second terminals being coupled 
to said data detector, and wherein said DC voltage 
detector is coupled to said full wave lectifier circuit, 
and is operative to compare the rectified voltage 
output of said full wave rectifier circuit with said pre- 
scribed DC voltage. 
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